The Environmental Impact Assessment of reservoir construction can be viewed as a new strategic perspective for the economic development of a region. Based on the principles of a watershed approach a interdisciplinary and multidisciplinary systemic view including biogeophysiographical, economic and socio environmental studies the new vision of a EIA provides a basic substratum for the restoration economy and an advanced model for the true development much well ahead of the modernization aspects of the project of a reservoir construction.
Introduction
A reservoir is intimately related with the watershed that is a biogeophysiographical boundary. A river or watershed is defined as "as entire area drained by a major river system and by its main tributaries" (Likens 1992; Revenga et al., 1998) .
The reservoir ecological dynamics and functioning is controlled by the watershed and its uses and human activities as well as their natural structures such as rivers network, climatological, hydrological and ecological cycles. Degraded watersheds have a great impact in the functioning of reservoirs that are connected to them. Therefore a reservoir in a watershed depends upon a matrix of geomorphological, geological, hydrogeochemical and climatological natural characteristics and the coupling of human activities imposed upon these natural features. .
Watersheds can be evaluated by the ecosystem services that they can promote such as freshwater supply, biodiversity, (genetic, physiological, morphological) and the ecological complexity it harbours. Watershed conditions are related to areas of original or natural landscape forest cover, hydrographic network, natural areas/human uses and humanized areas subjected to anthropogenic impacts. (Jorgensen, et al., 2012; Periotto and Tundisi, 2013) .
The following criteria can be applied to impact assessment: (quantification and qualification of impacts):
• Dimension of the impact.
• Location and spatial scale of impact.
• Temporal scale (short, medium long term).
• Reversibility/Irreversibility, of the impact.
• Relevance for the ecosystem services.
• Magnitude of the impact: low, medium, high.
Besides the Environmental Impact Assessment the principle of restoration economy can be applied to a reservoir construction as stated by Cunningham (2002) .
This author uses the terminology, "restaurative development" that is the re-built of an environment under stress. Restaurative development can be applied with success to reservoir construction since offers excellent opportunities for new and creative solutions not only to minimize impacts but to implement new regional perspectives in land development and sustainable exploitation.
Basic Principles of an EIA of a Reservoir
Since reservoirs are the recipients of all activities (natural and human causes) in the watersheds a first and fundamental basic principle of a Environmental Impact Evaluation of a reservoir construction is to determine the degree of organization, connectivity and ecological dynamics of the watershed in order to estimate the loads, the regions that will be impacted or changed by the reservoir construction and the ecological consequences of this new artificial environment imposed upon the natural system. Besides the biogeophysical evaluation of the watershed and the impact of reservoir construction it is imperative to introduce and develop in the EIA the economical and societal changes that will be their cause and its consequences. Today it is widely required that the economic and socio environmental component of the watershed is as important as the biogeophysical processes in the governance of the reservoir ecological dynamics and functioning. Human occupation of the watershed, demographic changes, migration patterns degree of urbanization, introduce new land use practices, transforming land cover, through deforestation, interfering in biogeochemical cycles, point and non point loads, of nutrients and suspended material precipitation patterns and drainage inputs. Migrations from rural to urban areas, attraction of thousands of new labourers, changes in sanitary conditions of the newly established populations are other components of the environment that have to be considered from the quantitative and qualitative point of view. The risk of transmission of diseases (waterborne diseases, vector borne diseases or "social diseases") should also be part of the component analyzed in the EIA of the reservoir construction. Also the impact of future climatological changes and variability and droughts on the regional scales, should be considered in the study. Reservoir construction in many regions is a factor of modernization. The aim of this change of paradigm in the EIA of a reservoir construction is to promote a true development perspective and vision of a restoration economy in the process very much ahead of a mere modernization activity. (Jorgensen et al., 2012) .
Methodology for EIA of Reservoir Construction
Taking into account that the watershed is the basic unit for EIA of a reservoir construction a complete analysis of the watershed ecosystem and its ecological dynamics should be implemented immediately upon decision of the site, region and river to be impacted by the construction. It is fundamental from the strategic point of view of the watershed/river/ reservoir development to know the definition of the impact of the river: one reservoir, a cascade of reservoirs or several reservoirs located a the various sites in the watersheds. This will define the scale of the study-spatially and temporarily and the magnitude of the necessary analysis-qualitative and quantitative. Long series of historical data on the watershed/river, such as climatological/hydrological/ecological date are required.
The hydrological component and the water budget are fundamental processes that govern the watershed cycles ad dynamics. Precipitation, Runoff, Evapotranspiration, changes in water storage are basic components to be measured. The hydrologic pathways and the river ecodynamics, interferes with the biota (distribution, productivity, and biomass) are also other relevant components. (Martinelli et al., 2012) .
The atmospheric deposition (dry or wet deposition) is another important component since it can include the input of chemical substances and elements.
The geology, weathering and erosion processes play a major role in shaping the landscape, the rivers hydrographic network and the loads to the future reservoir.
The hydrogeochemistry of the catchment is another component that connects soil, soil uses, watershed uses with water quality either as confirmation of impacts or conservation processes in the watershed.
Biological processes
Biodiversity and the composition and distribution the biota are extremely important for the understanding of input-output budgets on watersheds. Organisms accumulate organic matter; promote cycles of nitrogen, phosphorus and other elements throughout soil/water relationships, produce detritus and dead organic matter that can be a source of nutrients; biological processes, include terrestrial and aquatic organisms, biodiversity, distribution of organisms in the catchment, biomass and productivity, and interfere with water yield and water quality. (Agostinho et al., 2009 ).
Elements budgets
Phosphorus, nitrogen, carbon, sulfur and toxic metals move from the soil to the water to organism, therefore the element budget is another basic component of the EIA of the reservoir construction quantification of sulphur and carbon budget in catchments many be helpful in evaluating the relevance and the quantitative importance of the gas emissions, especially greenhouse gas emissions of the terrestrial and aquatic systems. Cycles of trace metals in the catchment should be evaluated also for a better element budget.
Temporal and Spatial Scales of EIA of Reservoir Construction
One of the important features of a EIA for a reservoir construction is the determination of the temporal and spatial scales of the study, considering the Area of Direct Influence of the Reservoir and the Area of the Indirect Influence. However, stream discharges may vary greatly during heavy rainfall periods ;runoffs also vary throughout the watershed, therefore daily and seasonal variations should be incorporated into the analysis of the biogeophysical factors. For example climatology should be collected with hourly and daily information. It is important also to consider historical data over decades in order to analyze tendencies and future perspectives. Paleoecological methods introduced in order to detect physical, chemical and biological changes in the part present and future perspectives of the reservoir construction should be included in EIA. Figure 1 shows a scheme of all possible interactions to be taken into account in an EIA of reservoir construction.
The Socio Environmental Component
Interaction between the basic ecological processes, the biogeophysical components with the socio environmental economic ones were described and discussed in the Millennium Ecosystem Assessment initiative that promoted a new vision of ecosystem services for the human well being, and emphasized the need for a strong analysis of these components that are both causes and consequences of changes in the site of the reservoir construction (MEA, 2003) . Evaluation of social processes associated with reservoir construction, sites of the migrating population, economic impacts in urban and rural areas, and the health situation both in the existing towns, rural and periurban regions, as well as in the construction sites is of fundamental importance in the overall impact assessment. Land cover, land use studies and its changes will provide insights into the new patterns of occupation of the landscape, and its future perspectives. To summarize, the installation of a "observatory" before and during the construction of the reservoir will be an important conceptual development in the work of a EIA (Tundisi et al., 2008 (Tundisi et al., , 2014 .
As a complement to Table 1 the following information has to be obtained (Table 2 ) for a advanced EIA of a reservoir in a watershed.
The Belo Monte Power Plant Case Study
The construction of a reservoir has a very important impact in the functioning of ecosystems-rivers and their watersheds.
Belo Monte Power Plant reservoirs at the Xingu River State of Pará is the most important hydropower plant under construction in the last 10 years in Brazil. (Figure 2) . The original project of Belo Monte was modified in order not only to mitigate impacts but to provide a strong planning process for the reservoir construction and the development of the region (see Saracura, this volume) The entire area of influence of the reservoir will be developed, specially the infrastructure, with employment and the business opportunities. Considering that indigenous rights and the ecological functioning of Xingu River are protected it can be said that in Belo Monte Power Plant a true sustainable development procedure was implemented .
The major consequence of the planning process for Belo Monte Power Plant is the operation scheme of the reservoir that will function as a flowthrough plant, reducing Hornung et al., 1990) .
I. Site Data

Vegetation
Main vegetation types and their spatial distribution, aboveground biomass of the main vegetation types. Leaf chemistry from main forest species at three -year intervals-for total C, N, P, Na, Mg, Ca.
Soils
Description of main soil types and their distribution. For main soil horizons of main soil types -cation exchange capacity, base saturation, exchangeable captions, organic matter content, total C and N, SO 4 −2 adsorption, texture. Parent material mineralogy, if different from bedrock.
Geology
Main rock type and spatial distribution, mainly of each rock type
Meteorological data
Mean monthly temperature, weekly precipitation the number of gauges being determined by variation in altitude within the catchment.
II. Air pollution and dry deposition
Measurement of atmospheric concentrations of NH 3 , NO 2 and SO 2 using simple adsorption techniques. Sampling interval to depend on ambient concentrations at each site.
III. Inputs Bulk precipitation
Weekly samples composed for monthly analysis.
Throughfall
Weekly collections for monthly analysis form each forest type within the catchment. Several throughfall sites may be necessary if there is a large variation in aspect, altitude or age. All samples to be analyzed for pH, conductivity, calcium, magnesium, sodium, potassium, ammonium, nitrate, chloride, sulphate, filtered aluminium, and alkalinity. Occasional samples to be evaluated for SiO 2 , DOC, total P, Mn, organic N, Fe, Al speciation.
IV. Outputs Daily mean flow. Weekly spot samples analyzed in the same way as bulk precipitation and throughfall. From Commission of the European Communities, Brussels (Hornung et al., 1990) . Table 2 . Basic information for prognosis of reservoir impacts.
Location of the reservoir in the river continuum Size, volume, and morphometry of the future reservoir; possible compartmentalization Retention time (planned for future operation) Biodiversity in the impacted watershed Soil uses and vegetation cover of the watershed Human population, settlements, rural areas Nutrient concentration in the main river and tributaries The load of suspended organic and inorganic matter in the main river and its tributaries The perspectives for multiple uses of the future reservoir The projected future population in the watershed after dam construction Future spatial heterogeneity patterns Source: (Tundisi and Straskraba, 1999) .
the area of the main reservoir and its flooding, therefore reducing the impact.
The other consequence is the reduction of the retention time. Accordingly to (Tundisi and Straskraba, 1999) and Straskraba (1999) retention time is the key factor that controls the water quality of a reservoir, and downstream.
The continuous optimization of the reservoir planning, the advanced operation system proposed, will provide a basis for reduction of the initial impact promoting sustainability and new perspectives for Amazonian reservoirs (Kennedy, 1999) . As pointed out by Tundisi et al. (2014) the Amazon watersheds and rivers harbours a mega diversity of terrestrial and aquatic plants and animals. Mechanisms that maintain this biodiversity are the fluvial dynamics and the intense gene flux due to water level fluctuations and the interaction of climatological, hydrological, geomorphological and biological components of the system. Preserving these processes in the reservoir construction and operation is fundamental for the Amazon region reservoir construction. The lessons learned in Belo Monte, will be undoubted a valuable asset for planning and strategies for new reservoir construction in this region.
The understanding of the dynamics of the system will provide the basis for the implementation of a operation system of the reservoir which preserves water quality upstream and downstream and maintains connectivity between terrestrial and aquatic ecosystems. (Kennedy et al., 2003) .
Considering this problem, connectivity of the river/ reservoir with the tributaries, a fundamental question arises: the resilience of a river ecosystem and its reservoirs will depend upon the degree of connectivity of the tributaries with the river/reservoir complex.
In order to question as a positive condition for the resilience (therefore maintaining it) a well preserved network of connected tributaries will be essential. This will prevent the river or reservoir to tip into a new state, due to impacts that pushes the system this a new state. (Schaeffer, 1998) .
The designed operation system for the production of hydropower will maintain the connectivity of the tributaries, at the future Belo Monte Power Plant in its area of influence .
Conclusions
Environmental Impact Assessment of reservoir construction offers a new perspective for development, and opportunities for the implementation of restoration economy and restaurative development in the watersheds. The implementation of a planning procedure at an early stage of the evaluation and the inclusion of a systemic and integrated approach is fundamental for a sustainable project. (Ayensu et al., 1999) . Analysis of the promotion of economic development versus preservation of biodiversity, ecological services, has to be considered at all stages of the construction with a permanent environmental commitment. Compensation and social programs are key for the future functioning of the reservoir and its impacts in the watersheds. Rather than to provide a mere description of the ecosystem and its components a understanding of the dynamics of the system and the interactions, connectivity of the components is the key concept for a true Environmental Impact Assessment, giving opportunities for new and creative development in the area of influence. This in turn will have an economic impact on the regional ecosystem preventing degradation, providing development altogether with a strong and decisive preservation of ecosystem services with all its several social, ecological and economical positive consequences (MEA, 2003) .
The Belo Monte Power Plant promotes these opportunities. The reservoir construction and its operation system based and sustainable development is a new step towards the ecohydrological management of the watersheds in the Xingu River in the area of influence of the power plant. 
